Abstract
for collinearity using pair.panels function in R package psych (Revelle et al. 2019) . Model residuals were checked and assumptions validated. Table S1 ), we repeated the analyses (AMOVA, Mantel test, PCoA and GLMs) for both 2 0 3 genetic (microsatellites and AFLPs) and epigenetic (MSL) data using on individuals from 2 0 4
Site 1 (68 individuals for microsatellites and 62 for MS-AFLPs), as this was the only site 2 0 5 with more than two selfing lineages (Table S1 ). Macroscopic parasite loads were generally low and we focused on the three most common 2 0 9 types of parasites identified. Bacterial cysts were present on the gills and consisted of white to yellow spherical cysts circumscribed by a capsule, which resulted in hypertrophied gill 2 1 1 filaments. They were the most common type of pathogen appearing in 83.6% of the and filaments. In total, 19.53% of the total number of individuals were infected with these 2 1 7 cysts, ranging from 1 to 6 (mean=0.54, s.d.=1.26). Protozoan cysts were absent in Site 1, but uninfected with macroparasites. Significant differences were found on scaled parasite loads Genetic diversity and population structuring based on microsatellites 2 2 6
No linkage disequilibrium was detected between any pair of microsatellite loci. As expected 2 2 7 from the high levels of self-fertilisation of the species, no loci were found to be in Hardy-
Weinberg equilibrium, and all 27 microsatellite loci showed an excess of homozygotes. The 2 2 9 global homozygosity index (HL) was very high (mean = 0.95), as well the estimated selfing 2 3 0 rates (Table 1) . At the individual level, 93 individuals (72.6%) were homozygous across all 2 3 1 27 microsatellite loci. However, 17 individuals (13.28%), displayed intermediate to high 2 3 2 levels of heterozygosity (ranging from 0.13 to 0.69). The clustering Bayesian algorithm INSTRUCT indicated that six was the most likely approximately 100 km. The other five lineages were solely represented in one of the Table S1 ). Overall, outcrossed individuals had significantly lower homozygosity by locus values (at microsatellites) and total parasite loads than selfed individuals (Table 2) .
4 7
Overall, AMOVA analyses using microsatellites indicated strong and significant 2 4 8 differentiation among sampling sites (F ST = 0.28, P = 0.001) and selfing lineages (F ST = 0.32, 2 4 9 P = 0.001), with the latter explaining more of the genetic variance than the former (Table 3) . found among selfing lineages and between selfed and outcrossed, despite its significant The epigenetic analysis identified 381 MS-AFLP loci, of which 267 (70.07%) were 2 5 9 methylation-susceptible loci (MSL) and 106 (27.82%) non-methylated loci (NML). Of the 2 6 0 MSL loci, 236 (88.3%) were polymorphic and therefore were used for the variability analysis. Reproducibility comparisons between original and replicated genotypes for 24 2 6 2 individuals revealed 262 loci with an average of 10% differences (sum of number of 2 6 3 differences between first and second set of genotypes divided by number of individuals). AMOVA analysis for reproducibility revealed no significant differences between methylation 2 6 5 and AFLP variation patterns between original and replicated set of individuals (Table S3 ).
6 6
Average methylation ranged from 47.51% on lineage 2 to 38.17 % on lineage 5, and was 2 6 7 44.82% for inbred and 45.77% for outbred individuals. Significant differentiation among selfing lineages was also found on genetic (AFLPs: ST = 2 7 1 0.02, P = 0.004) and epigenetic loci ( ST = 0.02, P = 0.001). Overall, higher genetic and 2 7 2 epigenetic variance was found within than between groups (Table 3) . As with microsatellites, outcrossed individuals (Fig. S2 ). There was, however, a significant positive association between epigenetic (MSL) and genetic diversity, both using AFLPs (Mantel test, r = 0.11; P outlier in any of the comparisons.
7 8
No significant differences between selfing lineages were found among lineages for (Table S4 ). In the PCoA, inbreeding and selfing lineage interaction: estimate = -1.64, S.E.=0.14, P = 0.04) (Fig 3b- (estimate = -0.43, S. E.=0.08, P < 0.001) and the interactions between inbreeding and selfing lineage (estimate = -1.10, S. E.=0.12, P = 0.04) as significant predictors. However, this model vs. 0.28). and was 1.39 times less likely than the first one (Table S5) .
Overall, the results of the single-taxa models (using number bacterial cysts) were very bacterial cysts, and selfing lineage and inbreeding (Table S6) .
When using only individuals from Site 1 (to remove any potential confounding effect (Table S7) . However, the second best-fitting model (ΔAICc = 0.02) explained the 3 0 9 same amount of variation (weight=0.39) and the evidence ratio (-0.66) suggested that it was 3 1 0 more likely (evidence ratio of 1.50) than the first model. This second model indicated that 3 1 1 overall, the proportion of methylated DNA significantly increased with scaled parasite loads 3 1 2 (estimate = 0.43, S. E.= 0.11, P = 0.03) and that DNA methylation levels were also affected 3 1 3 by the interaction between scaled parasite loads and inbreeding (estimate = -1.29, S. E.=0.38, parasite loads ( Fig. 3d ; Table 4 ). Overall, our results did not indicate significant differences in genome-wide DNA methylation variation between selfed and outcrossed individuals, and our models only identified has been interpreted as an adaptive mechanism to compensate for low genetic variarion nature of these fish. We found strong evidence of genetic structuring between sampling sites 3 3 8
and selfing lineages using microsatellites, but lower differentiation for AFLP genetic markers Species with mixed-mating seem to overcome these problems through occasional outcrossing suggests that other evolutionary mechanisms may be balancing the harmful effects of parasite infections, or that parasite selection is of low (Lively 2014), as theory predicts that low Potamopyrgus snails, the oldest asexual lineages are restricted to populations where parasites al. 2018). Using data from all sampling sites, we found that genome-wide DNA methylation genetic background in the epigenetic variation of these species. In addition, we also found a 3 7 0 significant correlation between DNA methylation and genetic variation (at both AFLP and 3 7 1 microsatellites data), suggesting that autonomous variation in DNA methylation may be 3 7 2 limited in this study system (Dubin et al. 2015) . including parasites (Norouzitallab et al. 2014; Hu et al. 2018) , are known to influence DNA backgrounds is still scarce. Our results showed that genome-wide DNA methylation levels for all sampling sites were significantly influenced by parasite loads through the interaction with selfing lineage, suggesting a potential genotype-by-environment interaction on parasites responses. Yet, as most of the selfing lineages were exclusive to specific sampling sites, we The relationship between parasite loads and outcrossing seems to be common to that, if DNA methylation responded in a genotypic-specific manner to parasites pressures, it Baker HG (1955) Self-compatibility and establishment after '"long-distance" dispersal. Genetic and epigenetic differences associated with environmental gradients in replicate Gertz J, Varley KE, Reddy TE, Bowling KM, Pauli F, Parker SL, Kucera KS, et al. (2011) .
Analysis of DNA methylation in a three-generation family reveals widespread genetic 5 1 7 influence on epigenetic regulation. PLOS Genetics 7:e1002228. Figure legends 
